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Studies have shown that high-voltage power transmission lines emit 
electromagnetic radiation, which has adverse effects on human health. This 
paper presents the effects of parameter adjustment on the electric and 
magnetic fields of an overhead power transmission line model at human 
height. A finite element software, COMSOL multiphysics, was used to 
simulate the electric and magnetic fields. The electric and magnetic fields 
generated by the 1200-kV and 220-kV overhead power transmission line 
models were first computed and the models were validated by comparing the 
simulation results with those of previous studies. Numbers of parameter were 
adjusted in order to investigate their effects on the electric and magnetic field 
distributions. Based on the results, the electric field intensity increases with 
an increase in the voltage of the conductors. The magnetic field density 


Right-of-way increases with an increase in the current carried by the conductors. A voltage 
Safety of 700 kV results in an electricity field intensity that exceeds the residential 
safety limit (50 kV/m) set by the International Commission on Non-Ionizing 
Radiation Protection. Hence, a proper right-of-way is needed to ensure that 
residential areas are at a safe distance away from transmission towers. 
This is an open access article under the CC BY-SA license. 
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1. INTRODUCTION 

High-voltage power transmission lines, which act as a key link between electricity generation and 
consumers, play a vital role in power networks. These days, power transmission lines are located closer to 
urban and residential areas, resulting in an increase in the electromagnetic field [1], [2]. Electromagnetic 
radiation can have undesirable effects on human health as it can lead to cancer and leukaemia [3], [4]. Electrical 
workers in charge of maintaining power transmission lines to ensure uninterrupted electricity supply to 
consumers are particularly at risk owing to direct exposure to electromagnetic radiation generated by the power 
transmission lines. In general, the electric field intensity is proportional to the voltage of the power transmission 
lines. Hence, the higher the voltage of the power transmission lines, the higher the electric field intensity will 
be. In addition, the electric field is still present in the absence of current flow. The magnetic field is directly 
proportional to the current carried by power transmission lines and thus, a magnetic field will be generated in 
the presence of current flow [5]-[8]. Studies have shown that the maximum body current induced by the electric 
field from a transmission line is significantly higher than the body current or current density induced by the 
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magnetic field [9]. The World Health Organization (WHO) has stipulated the maximum exposure times to 
minimize health hazards resulting from exposure to electromagnetic radiation [10]. Hence, to minimize the 
adverse effects of electromagnetic radiation on human health, many studies have been carried out worldwide 
to analyse the electromagnetic field generated by power transmission lines in order to ensure that the 
electromagnetic field does not exceed the safety limits set by standards [5], [7]-[9]. Some of these studies are 
shown in Figure |. Figure 1(a) and 1(b) shows transmission lines model in Indonesia and Malaysia whilst 
Figure 1(c) and 1(d) are model located at Algeria and Iran. These studies have evaluated the electromagnetic 
field generated by high-voltage power transmission lines and assessed the effect of electromagnetic field on 
humans using various computational methods. 


(a) (by) (c) dy 


Figure |. Photographs of studies related to the evaluation of electromagnetic field within proximity of high- 
voltage power transmission lines: (a) 150-kV compact SUTT transmission tower model in Indonesia [11], 
(b) 132-kV overhead power transmission line model in Malaysia [5], (c) multi-line 60-kV parallel transmission 
line model in Algeria [12], and (d) two bundle single-circuit 400-kV transmission tower model in Iran [10] 


According to Kuffel et al. [13], the only viable approach to solve problems related to high-voltage 
engineering structures with complex geometry is numerical methods. The electric field of high-voltage power 
transmission lines can be determined by using the finite element method (FEM), boundary element method 
(BEM), monte carlo method (MCM), finite difference method (FDM), and charge simulation method (CSM) 
[14]-[16]. The most common methods used to solve the electric field of high-voltage power transmission lines 
are FEM and CSM [17]. FEM is a method used to solve partial differential equations after applying Green’s 
theorem to Maxwell’s equations of electromagnetism [18]. FEM divides the continuous functions (indicating 
the physical phenomena to be investigated and represented by partial differential equations) into minute finite 
elements-a process known as discretization. The advantage of the FEM is that the method can automatically 
satisfy the boundary conditions when the functions in the field change sharply [19], [20]. Das et al. [9] 
determined the electric field by using analytical and numerical methods and the results are presented in Table 1. 
Simulations of the electric field within vicinity of a human body model standing at a certain horizontal distance 
away from 400-kV overhead power transmission lines were carried out using a FEM software, ANSYS. The 
electric field intensity at the surface of the human body when the human model is directly underneath the 400-kV 
overhead power transmission lines (distance=0 m) is 5.11 kV/m and 5.28 kV/m using the FEM and analytical 
method, respectively. In general, the simulation and analytical results show good agreement. 


Table 1. Comparison of the electric field determined using a FEM software, ANSYS, and analytical method [9] 


Distance Gi) Electric field (kV/m) 
ANSYS Analytical method 
0 5.11 5.28 
1 4.77 4.74 
2 4.35 4.37 
3 4.05 4.09 
4 3.77 3.72 
5 3.55 3.59 


According to Balaji [21], the electromagnetic fields can have various effects on the human body and 
these effects may be short term or long term. When an individual is exposed to electromagnetic radiation within 
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a short period, the individual may experience short-term effects such as headache, dizziness, vomiting, 
irritation, fatigue, and insomnia. The International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) is a non-governmental organization in official collaboration with the WHO [22]-[25]. Although 
power transmission lines benefit consumers in terms of electricity supply, they also emit electromagnetic 
radiation, which is undesirable since the exposure to this electromagnetic radiation can lead to health hazards [26]. 
This is particularly true for long exposures above the exposure limits specified by standards. Exposure to 
electromagnetic radiation is a growing concern among the public, even more so when transmission towers are 
built closer to residential areas. The electric and magnetic fields generated by power transmission lines vary in 
magnitude depending on several parameters. Hence, this study is carried out to investigate the effects of 
parameter adjustment (voltage of the conductors, current carried by the conductors, conductor radius, and 
horizontal spacing between the phase conductors) on the electric and magnetic field distributions of an 
overhead power transmission line model using COMSOL Multiphysics FEM software. It is believed that this 
study will provide insight on the electrical and magnetic field distributions within proximity of power 
transmission lines and determine whether the electric and magnetic fields are within the safety limits set by the 
ICNIRP. 


2. METHOD 

The main goal of this study is to examine the electric field intensity and magnetic flux density 
distributions of an overhead power transmission line model at human height. The methodology adopted in this 
study is divided into two phases. In Phase 1, two-dimensional overhead power transmission line models were 
developed using COMSOL Multiphysics Version 6.0 software in order to determine the electric and magnetic 
field distributions at human heights. The overhead power transmission line models were validated by 
comparing the simulation results with those of Arora and Deshpande [27] and Rachedi et al. [28]. In Phase 2, the 
parameters (voltage of the conductors, current carried by the conductors, conductor radius, and horizontal 
spacing between the phase conductors) were adjusted to investigate their effects on the electric and magnetic 
field distributions of the overhead power transmission line model. 

A. Phase 1 

Two overhead power transmission line models were developed in this study, one to assess the electric 
field distribution, and the other to assess the magnetic field distribution. The first step involves defining the 
dimensions of the transmission tower. The materials of the transmission lines were then defined as the boundary 
conditions. The computational domains of both models were then meshed. Finally, the electric and magnetic 
field distributions were generated using the Electrostatics module and Magnetic Field module in COMSOL 
Multiphysics software, respectively. The overhead power transmission line models were validated by 
comparing the simulation results with those of previous studies as shown in Figure 2. 

To determine the electric field distribution, the model was developed based on the work of Arora and 
Deshpande [27], which is a 1200-kV overhead power transmission line model with D/C vertical configuration, 
as shown in Figure 2(a). Each phase consists of two cables and the conductor radius is 0.518 m. The distance 
from the ground to the lowest conductor is 24.3 m while the vertical distance between the phase conductors is 
26 m. To determine the magnetic field distribution, the overhead power transmission line model was developed 
based on the work of Rachedi et al. [28]. The transmission lines carry 270 A of current and the conductor 
radius is 0.572 cm. Each phase consists of two cables and the spacing between these cables is 40 cm. The 
vertical distance from the ground to the conductors is 20.2 m. The guard cables are located 24.8 m away from 
the ground and the guard cables are assumed to have the same radius as that of the conductors. Figure 2(b) 
shows the overhead power transmission line model developed by Rachedi et al. [28]. 

B. Phase 2 

The same overhead power transmission line model was used for the parameter adjustment study. The 
form union function was used for the overhead power transmission line model developed in the magnetic field 
module and the model was then exported to the electrostatics module, where the models in these modules were 
unified to form a single object. The following parameter of voltage of the conductors was adjusted in order to 
investigate their effects on the electric field distribution of the overhead power transmission line model. The 
default voltage was set at 100 kV while the default conductor radius was 0.01 m (0.1 cm). The electric field 
intensity was then computed. The cut line was plotted from (x = —30 m, y = 1.8 m) to (x = 30 m, y = 1.8 m) to 
examine the electric field intensity at human height. The residential safety limit set by the ICNIRP was also 
plotted, which serves as a benchmark to compare the results. Likewise, the following parameter of current 
carried by the conductors was adjusted in order to investigate their effects on the magnetic field distribution of 
the overhead power transmission line model. 
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Figure 2. Diagram of power transmission line model: (a) 1200-kV overhead power transmission line model 
with D/C vertical configuration developed by Arora and Deshpande [27] used to determine the electric field 
distribution and (b) Figure 5 220-kV overhead power transmission line developed by Rachedi et al. [28] used 
to determine the magnetic field distribution 


3. RESULTS AND DISCUSSION 

The simulation results for Phase 1 (electric and magnetic field distributions for different overhead 
power transmission line models) are presented and discussed in this section. The simulation results include a 
contour map of the electric field intensity and two-dimensional line plots of the electric field intensity and 
magnetic flux density at various heights above the ground. The results were compared with those of previous 
studies in order to validate the overhead power transmission line models. Next, the simulation results for Phase 
2 (effect of parameter adjustment on the electric and magnetic field distributions) are presented and discussed. 
The results were compared with the residential safety limits established by the ICNIRP. 

A. Validation of the overhead power transmission line models 

Figure 3 shows diagram of simulation results based on electric field. Figure 3(a) shows the two- 
dimensional line plot of the electric field intensity at various heights above the ground (y=O mto y= 10m 
with a step size of | m). The arc length of 140 m represents the horizontal distance from x = —70 m to x = 70 m. 
It can be observed that there are two peaks, which correspond to the geometry of the overhead power 
transmission line model. One peak occurs at an arc length of 57 m while the other occurs at an arc length of 83 
m, indicating that the peak occurs at x = —13 m and x = 13 m, respectively. This is likely due to the positions 
of the conductors, which are located on the same x-axis. The lowest peak (electric field intensity: 8.3 kV/m) 
occurs at a height of y = 0 m, which is expected as this is the furthest distance from the conductors. Based on 
the trend, the electric field intensity increases with an increase in the height from the ground and thus, the 
electric field intensity is highest at a vertical distance closest to the conductors. Indeed, the highest peak 
(electric field intensity: 11.8 kV/m) occurs at y = 10 m, which is the vertical distance closest to the conductors. 

Figure 3(b) shows the simulation results of Arora and Deshpande [27]. The electric field intensity is 
8.7 kV/m at y = 0 m and the electric field intensity is 12.5 kV/m at y= 10 m. The trend is similar to that for the 
simulation results in this study, where the electric field intensity increases with an increase in height above the 
ground. The simulation results in this study are similar to those of Arora and Deshpande [27], with only a small 
difference in magnitude, which is probably due to the difference in the version of COMSOL multiphysics 
software and limitation of data. Owing to the small difference in magnitude of the simulation results, the 
overhead power transmission line model is validated. 

Figure 4 shows diagram of simulation results based on magnetic field. To analyse the magnetic field 
distribution of the 220-kV overhead power transmission line model, a two-dimensional line plot of the 
magnetic flux density was plotted, as shown in Figure 4(a). It can be seen that the magnetic flux density is 
lowest at y = 0 m and an arc length of 30 m, with a value of 4.4 uT. The cut line is taken from x = —30 m to x 
= 30 m and therefore, an arc length of 30 m represents x = 0 m, which is the centre of the overhead power 
transmission line model. Hence, the highest magnetic flux density occurs at the centre of the overhead power 
transmission line model. The magnetic flux density slightly increases as the height above the ground is 
increased from y = 1.5 m to y= 1.8 m. The magnetic flux density at y = 1.8 m is only 4.6 uT. 

Figure 4(b) shows the simulation results [28]. In general, the peaks occur at x = 0 m. The highest peak 
occurs at y = 1.8 m, with a value of 4.8 uT. The magnetic flux density is slightly less than 4.8 nT at y=Om 
and y = 1.5 m. The simulation results of this study show good agreement with those of [28], thereby validating 
the overhead power transmission line model. 
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Figure 3. Diagram of simulation results: (a) variation of the electric field intensity with respect to the arc 
length for different heights and (b) simulation results of Arora and Deshpande [27] 
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Figure 4. Diagram of simulation results: (a) variation of the magnetic field density with respect to the arc 
length for different heights and (b) simulation results of Rachedi et al. [12] 


B. Effect of voltage on the electric field distribution 

Figure 5 shows the two-dimensional line plot of the electric field distribution when the voltage of the 
conductors is varied from 100 kV to 1000 kV while the other parameters are kept constant. The horizontal 
distance is taken from x = —70 m to x = 70 m with an arc length of 70 m representing x = 0 m. It can be seen 
from Figure 5 that the electric field intensity is the lowest (0.7 kV/m) when the voltage of the overhead power 
transmission line model is 100 kV and the height is y = 1.8 m. In contrast, the electric field intensity is the 
highest (7 kV/m) when the voltage is 1000 kV. The trend shows that increasing the voltage of the conductors 


increases the electric field intensity at human height. The results conform with the formula ‘E = — VV, which 
indicates that the electric field is directly proportional to the gradient of the electric potential. When the voltage 
of the conductors is set at 700 kV, the electric field intensity exceeds the residential safety limit (5 kV/m) 
established by the ICNIRP. Hence, a proper right-of-way is necessary to protect residential areas from the 
harmful effects of electromagnetic radiation when the voltage of the conductors exceeds 700 kV. 
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Figure 5. Effect of voltage on the electric field distribution of the overhead power transmission line model 
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C. Effect of current carried by the conductors on the magnetic field distribution 

Figure 6 shows the two-dimensional plot of the magnetic flux density at a human height of y=1.8 m, 
where the current carried by the conductors is varied from 100 A to 1,000 A. It can be observed that the peak 
magnetic flux density is lowest (1.8 uT) when the current is set at 100 A. When the current is set at 1000 A, 
the peak magnetic flux density is highest, with a value of 16.3 wT. In general, the trend indicates that the 


magnetic flux density increases with an increase in the current carried by the conductors. The trend can be 


explained by the formula B = Eo" , where the current is directly proportional to the magnetic field. However, 
2mr 


it is worth noting that the magnetic flux density is still well below the residential safety limit of 100 pT set by 
the ICNIRP for the range of current (100—1,000 A) investigated in this study. 
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Figure 6. Effect of current carried by the conductors on the magnetic field distribution of the overhead power 
transmission line model 


4. CONCLUSION 

The increase in electricity demands over the years has led to an increase in the number of transmission 
towers within proximity of residential areas. Transmission lines emit electromagnetic radiation, which is 
hazardous to human health in the short term and long term. For this reason, it is important to investigate how 
different parameters of the transmission tower affect the electric and magnetic fields and determine if the 
electric and magnetic fields are well below the residential safety limits, which is the focus of this study. In this 
study, overhead power transmission line models were first developed using COMSOL multiphysics software 
and the models were validated by comparing the simulation results (electric field intensity and magnetic flux 
density distributions) with those of previous studies. The simulation results show good agreement with those 
of previous studies, validating the overhead power transmission line models. Next, the effect of voltage on the 
electric field distribution and the effects of current carried by the conductors on the magnetic field distribution 
were investigated by adjusting these parameters. Based on the results, it can be concluded that the electric field 
intensity at human height increases with an increase in the voltage of the conductors of the overhead power 
transmission line model. The magnetic flux density increases with an increase in the current carried by the 
conductors. In general, the electric field intensity and magnetic flux density are well below the residential 
safety limits set by the ICNIRP. However, such is not the case for voltage adjustment, where a voltage of more 
than 700 kV results in an electric field intensity above the residential safety limit established by the ICNIRP. 
This will be hazardous to human health in the short term and long term. Hence, a proper right-of-way is needed 
to ensure that the residential areas are at a safe distance away from the transmission towers. 
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